OBJECTIVE: Since the prevalence of adult obesity is increasing in the United States, we examined the effect of changing common habits (exercise, TV viewing, smoking and eating habits) on four year change in body weight. DESIGN: A prospective cohort study of US male health professionals with follow-up from 1988±1992. Participants were 19 478 men aged 40±75 in 1986, who were free of cancer, coronary heart disease, stroke and diabetes. METHODS: Multiple regression was used to determine the association between four year change in body weight (from 1988±1992) and common habits, after adjusting for baseline age, hypertension and hypercholesterolemia. RESULTS: For middle aged men, vigorous activity was associated with weight reduction and TVaVCR viewing and eating between meals with weight gain. Quitting smoking and a history of voluntary weight loss prior to the study period were consistently related to weight increase. Recently being on a diet was more strongly associated with weight loss among older men. Over the four year follow-up period, middle-aged men who increased their exercise, decreased TV viewing and stopped eating between meals, lost an average weight of 71.4 kg (95% con®dence interval (CI)71.6 ± 71.1 kg), compared to a weight gain of 1.4 kg among the overall population. The prevalence of obesity among middle-aged men was lowest among those who maintained a relatively high level of vigorous physical activity, compared to those who were relatively sedentary. CONCLUSION: These data suggest that improvement in the mix of health habits, particularly increasing vigorous activity, as well as decreasing TV use and changing eating habits, results in weight maintenance or a modest weight loss over four years.
Introduction
Increased lifetime risks of heart disease, 1,2,3,10 diabetes 4, 5 , osteoarthritis, 6,7 hypertension 8,9 and other illnesses have been associated with increased levels of body mass. These risks appear to exist at levels below the currently accepted de®nition of obesity (BMI of 27.8 kgam 2 for men 11 ). The prevalence of obesity in adults has steadily increased in the United States over the past 20 y. 11 According to estimates based on NHANES III data 11 , 33% of men (similar estimates for black and white men) meet the de®nition of obesity. Furthermore, there is a substantial prevalence of obesity in children 12, 13 and since weight in adolescence correlates with adult weight, 14, 34 the high prevalence of obesity could continue into the next adult generation. Therefore, identifying mechanisms that will help prevent or reverse weight gain is critical.
Given the prevalence of obesity in the adult population, it is not surprising that the prevalence of reported attempts to lose weight at a given point in time is also high ± approximately 25% of adult US men. 15 A recent review of the literature of weight cycling 16 concluded, however, that the preponderance of evidence suggests, that repeated weight losses and regains does not affect the success of future weight loss attempts.
The purpose of the present study is to describe the impact that ordinary lifestyle factors such as exercise, smoking, TVaVCR viewing, dieting and eating habits have on weight change over four years in a cohort of middle to older aged male health professionals. Because of the prospective nature of our study cohort, we are able to control for diseases that in¯uence weight, as well as for age, baseline weight and height. We also study whether a history of voluntary weight loss is an independent predictor of weight change and whether it modi®es the effect of the other factors that may in¯uence weight change.
Methods

Study Group
The Health Professionals Follow-up Study is a prospective investigation of 51 529 male health professionals aged 40±75 y in 1986. The cohort includes 29 683 dentists, 10 098 veterinarians, 4185 pharmacists, 3745 optometrists, 2218 osteopathic physicians and 1600 podiatrists. The study began in 1986, when the participants completed a detailed questionnaire on diet, exercise and medical history. We mailed follow up questionnaires in 1988, 1990 and 1992 , to update information on exposures and to ascertain events related to newly diagnosed disease. 17 Every two years, up to three mailings of the main study questionnaire are sent to participants, which contains speci®c questions on weight, smoking status and physical activity. If men do not respond to the main questionnaire, we send a short questionnaire primarily to document clinical endpoints and not other characteristics, such as weight. Of the 36 353 men who returned a main questionnaire in 1992, we excluded 9345 men who had developed cancer, heart disease, stroke or diabetes prior to December 1992. These cases were excluded because these diseases could lead to change in weight, activity or eating habits. An additional 7530 men were excluded because they were missing information on key variables, such as body weight. This analysis is based on 19 478 men for whom we had a complete set of predictor and outcome information for the study period 1988±1992.
Most cases were excluded for reasons presumably unrelated to the reporting of body weight. However, there may be biased non-response 18 among the men who completed long questionnaires, but skipped the questions regarding body weight. To try to address this issue, we compared the 1988 body weight of the analysis group to the group who were excluded for missing the 1992 body weight. (1988) weight between men in the analysis group and men who were excluded due to incomplete weight data at follow-up (1992).
Variables of interest
Body weight in pounds was self-reported on both the 1988 (study baseline) and 1992 questionnaires. Height was ascertained on the 1986 questionnaire and assumed to be constant throughout the study period. In 1990, Rimm et al 19 found self-reported weight to be highly accurately assessed when compared with standardized measurements by a technician in a subset of this cohort. The corrected Pearson correlation between self reported and technician measured body weight was 0.97. Self-reported weight was, on average, 1.0 kg lower than technician measured weight.
Previous research in this cohort has shown that there are age-related patterns of obesity, as well as age-related differences in anthropometric risk factors for disease. 20±22 For example, body mass index (BMI, kgam 2 ) peaks among men aged 60±65 y, and declines thereafter. 20 To explore whether there are also agerelated differences in factors associated with weight change, our analyses are strati®ed by baseline age group: 45±54 y, 55±64 y and ! 65 y.
The level of recreational physical activity was measured on both the 1988 and 1992 questionnaires. The instrument assesses the average number of hours spent per week over the past year, engaged in seven common activities: jogging, running, lap swimming, bicycling and rowing (including stationary machines), calisthenics and racquet sports. Vigorous, as opposed to total, physical activity was used because recall and report of vigorous activity is better than for light to moderate activity. 23 The average amount of time (h) per week, over the past year, that respondents spent watching TVaVCR was ascertained on both the 1988 and 1992 questionnaires. Hours of TVaVCR use, is our measure of the level of recreational sedentary activity. Smoking status was obtained on the 1988, 1990 and 1992 questionnaires. We classi®ed men as smokers, nonsmokers and those attempting to quit during this period.
In 1992, men were asked if and when they ate between meals. They were also asked whether or not they used a diet (that is,`restricted caloric intake', skipped meals' or`used a commercial weight loss program') to voluntarily lose ten or more pounds (4.5 kg) in the four year period from 1988 to 1992 (Figure 1 ). Fat intake as measured by the food frequency questionnaire in 1990, was used to estimate typical fat intake during 1988±1992.
The fat composition of diet, rather than absolute intake, has been shown to be a predictor of weight gain in younger men and women in one study. 24 Energy-adjusted fat intake was computed according to Willett's method. 25 Adjusted intake (gad) was computed as the residual of a regression model with total caloric intake as the independent variable and total fat intake as the dependent variable, plus a constant. The constant was the predicted fat intake using the mean calories for the entire cohort.
Four-year (1988±1992) and 20-year (1972±1992) history of voluntary weight loss was measured in 1992 ( Figure 1 ). For each period, the number of times ®ve or more pounds (2.3 kg) was voluntarily lost, as well as an estimate of the amounts of each loss, was collected.
The number of voluntary weight loss episodes for the 16 y prior to the baseline period (1972±1987) was computed by subtracting the number of episodes during the four-year period from the number of episodes during the twenty-year period. Finally, selfreport of physician-diagnosed high blood pressure and high cholesterol was ascertained from the 1988 questionnaire.
Statistical methods
We investigated the unadjusted relationship between health habits and self-reported body weight by age group (45±54 y, 55±64 y and ! 65 y). Overall differ-ences across age strata were tested using one-way ANOVA for continuous variables and the chi-square test for dichotomous variables. 26 Multivariate regression analyses were performed to determine if health habits in 1992 and the 16 y history of prior voluntary weight loss (1972±1987) were predictive of the 4 y weight change (1988±1992). The 1992 health habits were: vigorous physical activity, TVaVCR viewing, eating between meals, adjusted fat intake and indicator variables for being a continuing or quitting smoker during the study period. All models controlled for baseline (1988) weight, height, exercise and TVaVCR viewing, blood pressure and cholesterol. Models were strati®ed by three levels of age; actual age was also included in each of the three models to control for residual confounding. The actual outcome variable was weight in 1992, but by controlling for baseline weight, it was equivalent to modeling weight change during the study period as the outcome. Thus, results are presented in terms of four year average weight loss or gain. Since exercise level and TVaVCR viewing in both 1988 and 1992 were covariates, we were modelling the effect of a 4 y change in these variables on weight change.
In order to determine whether a history of voluntary weight loss weakened the association between these lifestyle factors and weight change, we further strati®ed the models by (yesano) history of loss. We compared the regression coef®cients for the lifestyle factors and the results were similar for those with and without a history; this was true for all three age strata. If anything, the effect of exercise was somewhat stronger among those who had a voluntary weight loss history. Thus, only age-strati®ed models, controlling for the number of voluntary (16 y) weight losses, are presented. Sixteen year weight loss history was used as a predictor, rather than the 4 y or 20 y measures, because the latter two measures include weight loss between 1988 and 1992, a component of the outcome.
Since body weight is typically skewed toward higher values, regression models were also run using log transformed weight in 1992 as the outcome. However, since the results were equivalent to those using untransformed weight, models based on untransformed weight are presented. The goodness of ®t of the models was evaluated by examining extreme outliers and points with high leverage values. 26 All analyses were performed in release 6.12 of SAS. 27 
Results
Sample description
The 19 478 men comprising this cohort were middleto older-aged (average age 54.6 y), primarily nonsmoking (5.1% current smokers) and weighed an average of 81.5 kg in 1992, having gained an average of 0.8 kg since 1988 ( Table 1 ). The group averaged about 2 h vigorous activity per week, in both 1988 and 1992.
Categorical analysis
Men differed signi®cantly in weight and health habits when classi®ed by age category (Table 1) . Body weight and vigorous activity levels declined with age, whereas TVaVCR viewing increased with age. Men aged ! 65 y were less likely to diet (12% vs 23% for those aged 45±54 y) or to eat between meals (45% vs 59%, respectively). Energy-adjusted fat intake averaged about 70 gad in each age group. Older men were less likely than younger men to have experi- enced a substantial ( ! 4.5 kg) voluntary weight loss during the 16 y prior to 1988. Hypertension and hypercholesterolaemia were more prevalent with increasing age. The prevalence of smoking, as well as quitting smoking, were low across ages, especially among older men.
Multivariate models
For all age groups, weight in 1988 was the single most important predictor of weight in 1992. However, health habits in 1992 such as vigorous physical activity, TVaVCR viewing, eating habits and quitting smoking were signi®cantly related to weight change, even after controlling for baseline weight, height and baseline vigorous physical activity and TVaVCR use ( Table 2) .
Among men in the younger (45±54 y) age group, increased vigorous activity was signi®cantly related to the average 4 y weight loss. Speci®cally, every 1.5 haweek average increase in activity over four years, was associated with an average 0.2 kg weight loss. Smoking, being on a diet to lose ! 4.5 kg and age were mildly related to weight loss. On the other hand, eating between meals, quitting smoking and a history of weight losses (in the previous 16 y) were all positively related to weight gain, as was a 4 y net increase in TVaVCR viewing. For example, a 10 haweek increase in TVaVCR viewing and eating between meals, were each associated with approximately a 0.2 kg weight gain over four years. Quitting smoking, however, had the most serious effect on average weight gain (1.2 kg). The level of fat in the diet (gad) was positively associated with weight gain (0.1 kg increase for 10 gad of fat). For continuous variables, one±way random effects ANOVA was used to test overall differences across age groups. Chi-square test used for dichotomous variables. *P 0.001. **P 0.01.
Predictors of weight change in men EH Coakley et al
For men in the middle (55±64 y) age group, age, increased vigorous activity, dieting and smoking were associated with weight loss. The effect of exercise was lower than for the younger age group; every 1.5 haweek increase in vigorous activity was associated with a 0.1 kg weight loss over four years. Energy-adjusted fat intake, eating between meals, history of weight loss and, especially quitting smoking, were all positively associated with weight gain. TVaVCR use was not a signi®cant predictor of weight gain.
The model for men in the oldest age group ( ! 65 y) differed from those of the middle and younger age groups. Age, recent dieting and being a smoker, were signi®cant negative predictors. Their effects were stronger on weight loss than for the younger age group. Positive predictors of weight gain were quitting smoking, history of weight loss and fat intake. Neither physical activity, nor TVaVCR use, nor eating between meals, were related to the outcome in this age group.
There were many similiarities among the three agespeci®c models, in terms of the direction and magnitude of the effects of covariates on weight change. However, the exercise effect was signi®cantly different across ages and there were interesting trends in the effects of the other covariates that justi®ed the age strati®cation.
These regression models indicate that behavior change for relatively modi®able health habits such as vigorous activity, TVaVCR viewing, fat composition of the diet and eating between meals, would have the greatest effect among non-smoking men aged 45± 54 y (Table 2 ). This age group was also, on average, heavier and had greater 4 y weight gains (Table 1) . Using the regression model for this age group, we can predict* that increasing exercise (from 0 haweek in 1988 to 5 haweek in 1992), decreasing TVaVCR use (from 21 haweek in 1988 to 3.5 haweek in 1992) and eliminating eating between meals, would result in an average 1.4 kg weight reduction over four years (95% con®dence interval (CI) 71.7±71.1 kg), among men without a history of voluntary weight loss. Among men with a history of two 4.5 kg voluntary weight losses, the weight loss would still be signi®-cant, but attenuated, at 71.1 kg (95% CI 71.4± 70.7 kg).
An issue not resolved by hese analyses, is whether change in health habits, if maintained over time, would result in sustained weight loss. Although not the focus of our analysis, we tried to address this issue with a re-parameterization of activity and TV/VCR viewing in our regression models. Again, for simplicity, we focus on the model for younger (45±54 y) men.
We replaced the continuous variables for vigorous physical activity and TVaVCR viewing in 1988 and 1992 with indicator variables describing the 4 y level of activity and inactivity: increased from lower to higher level, decreased from higher to lower level, maintained higher level and maintained lower level. The referent group were men who maintained a low level of vigorous activity and a high level of TV viewing. This sedentary group gained an average 1.1 kg over four years (Table 3) . Men who increased exercise to a higher level and those who maintained a higher level, tended to gain less weight. These results did not change when we used a higher cut-off point for vigorous activity. Men who increased their level of TVaVCR viewing (without increasing exercise) increased their weight (Table 3) .
The results for weight gain and weight loss, may be somewhat attenuated because there may be substantial change in activity or viewing among those classi®ed as`maintainers'.
Another approach to describing the long term effect of exercise is given in ®gure 2, which shows the prevalence of obesity (BMI ! 27.8 kgam 2 ), over time, for men aged 45±54 y, with the activity patterns described in Table 3 . The group maintaining a level of vigorous activity of ! 1.5 haweek showed a much lower prevalence of obesity over time, and the group that increased to this activity level by 1992 showed a leveling-off in the rate of increase of obesity prevalence. These results are consistent with a stable or lower rate of increase in average weight over time among men achieving or maintaining a high level of physical activity.
Discussion
In our cohort of middle-and older-aged professional men, multivariate models showed that predictors of weight change differed somewhat by age. Increased vigorous physical activity was associated with weight loss or maintenance in all age groups, but had a stronger effect among younger men (45±54 y). History of previous weight loss and quitting smoking, were consistently associated with weight gain, but history of previous weight loss did not modify the effect of the other factors on weight change. Energy-adjusted fat intake was a modest predictor of weight gain before the age of 65 y. Age was an important predictor of weight loss after age 55 y. Similarly, dieting was not a signi®cant predictor of weight loss until after age 55 y.
Of the methods examined for men aged 45±54 y, a change in the mix of health habits, such as a combination of increased activity, decreased TVaVCR use and abstention from eating between meals, was associated with a modest average weight loss of approximately 1.4 kg. This offset the general trend in the 45±54 y age group to gain an average of 1.4 kg over the same period. These results are consistent with those of Blair 28 and Williamson et al 29 .
The apparent effect of these factors was smaller (about 70.8 kg) in men with a history of two weight losses of ! 4.5 kg, perhaps in part because data at only two time points characterizes long term trends less well among those whose weights¯uctuate substantially.
Furthermore, younger, healthy, non-smoking men with relatively high vigorous physical activity levels had lower annual prevalences of obesity, as well as a slower rate of increase in obesity over time than comparable, but sedentary, men. If this type of sustained effect also exists in the general population of such men, this dampening effect on obesity rates would be of public health and economic signi®cance.
These ®ndings are limited to middle-to older-aged men of relatively high socio-economic status (SES). However, it is unlikely the direction of the effects would change due to SES, but the list of candidate recreational activities may need to be modi®ed for different SES groups. The magnitude of effects might differ for men aged`45 y.
This research focused on the effects of vigorous recreational activity, such as running and swimming, because past research showed cardiovascular bene®t, as well as better respondent recall of these types of activities. Walking, however, is a much more common form of recreational activity. In regression models that replaced vigorous activity with walking, increased hours of walking per week was a statistically signi®-cant predictor of weight loss among younger men (`65 y). However, the average weight loss was much lower than for vigorous activity.
In this population-based cohort of free-living men, it is not possible to control why health habits change. For example, exercise level may increase in response to weight gain, attenuating the effect of exercise on weight regulation. Furthermore, increased activity levels may not be sustained once weight loss has been achieved.
The timing of measurement of key variables may have also affected the magnitude of the absolute differences in weight change. Vigorous activity and TVaVCR viewing were average amounts per week over the past year. Averaging activity over a year smoothes out variation due to shorter sustained periods of activity (for example, during the summer) and periods of inactivity (for example during the winter). Measurements were taken two years apart, so it is not known when during the interval activity, or inactivity, levels changed, nor for how long the actual change was maintained. These factors could all attenuate the effects of exercise and TVaVCR viewing on weight.
TVaVCR use was a proxy measure for sedentary activity and may not capture the full amount of inactivity. However, TV viewing is a major source of recreation in the US, where the average adult watches 29 haweek. 30 Furthermore, TV use has been associated with snacking and is relatively more sedentary compared to other hobbies.
31±33
Two variables served as proxies for eating habits, eating between meals and energy-adjusted fat intake. Unfortunately, data on these measures were available at only one point in time during the study period, so only cross-sectional, not longitudinal, effects were studied. It is also important to note that not all eating between meals leads to excess caloric intake. Adjustment of fat intake for the total caloric (energy) intake allowed us to investigate the effects of fat composition of diet. A diet with a high fat composition has been inconsistently linked to obesity in other observational studies. 14, 24, 37 Neither the accuracy of 4 y and 20 y weight loss episodes nor dieting, has been validated in this population. It is unclear whether relatively lighter men would be more likely to remember a substantial voluntary loss, since these events are rare and presumably important. Alternatively, perhaps heavier men with a history of weight cycling may recall losses more frequently, if they more closely monitor their weight. Similarly, the effect of dieting was seen only among older men. Perhaps this is a re¯ection of a higher dieting success rate due to concern about chronic disease. In the same vein, more effective dieting in this age group may imply more reliability in reporting voluntary weight loss episodes.
We did not control for caloric intake. Other studies have suggested it is not a signi®cant predictor of weight change, 14 in part because it re¯ects increased physical activity. 35 We also tested 1990 alcohol consumption in the regression models and it was not a signi®cant predictor of weight. Excluding it from the models did not affect the coef®cients of other variables.
In summary, we have demonstrated that there are independent associations of changes in vigorous activity and TVaVCR use, as well as eating and smoking habits with average weight change in a large cohort of men. These results imply that changes in these health habits, particularly regular physical activity, over time, may lead to weight maintenance or modest weight loss in adulthood, and hence the prevention of major chronic illness.
